expression of maturation-associated (MAX) antigens but also by the cytokine repertoire of 1,25(0H),D3-induced MAC.
IRCULATING BLOOD monocytes (MO) provide a C common precursor pool which gives rise to the heterogenous family of cells that constitute the human mononuclear phagocyte system (MPS).' The terminal differentiation of blood M O to mature macrophages (MAC) can also be followed in
Here, when cultured in the presence of serum M O undergo a characteristic change in morphology, cytochemistry, and function, a process considered to be similar to the differentiation of M O in vivo. M O maturation in vitro is associated with the expression of specific antigens not found on blood M O but present on Their analysis is used to more objectively define maturation in primary cultures of human hf0.9,'0
No consistent knowledge presently exists on the regulation of M O to MAC transformation. Serum needs to be present in M O cultures for successful maturation into MAC, neither known hematopoietins nor other yet defined cytokines are able to replace serum. Only macrophage colony-stimulating factor (M-CSF) might be of importance as a competence and survival factor for M O in vitro" (Brugger W, Kreutz M, Andreesen R: Macrophage colony-stimulating factor is required for monocyte survival and acts as a cofactor for their terminal differentiation to macrophages in vitro. J Leukoc Biol, in press 199 1).
The major biologically active metabolite of vitamin D,, expression of maturation-associated (MAX) antigens but also by the cytokine repertoire of 1,25(0H),D3-induced MAC.
MATERIALS AND METHODS
Peripheral blood mononuclear cells (MNC) were separated from leukapheresis products of healthy donors by density gradient centrifugation over Ficoll. MO were isolated from MNC by countercurrent centrifugal elutriation in a J6M-E centrifuge and a JE-5 rotor (Beckman, Miinchen, Germany) at 2,500 rpm with a standard chamber and a flow rate of 20 mL/min as previously described." Elutriated MO were of greater than 90% purity as estimated by morphology and expression of CD14 antigen. Purified MO were resuspended in RPMI 1640 (Biochrom, Berlin, Germany) supplemented with 5 x lo-' mol/L mercaptoethanol, vitamins, antibiotics, pyruvat, and nonessential amino acids. MO were cultured in 96-well microtiterplates (Greiner, Niirtingen, Germany) at 2 x cells/0.2 mL supplemented RPMI 1640 with or without 5% AB-group serum or 1,25(OH),D, (Hoffmann-La Roche, Basel, Switzerland) at various concentrations. 1,25(OH),D, was dissolved in 100% ethanol to a stock concentration of 2-x lo-' mol/L and stored at -2OOC. The various concentrations were obtained by diluting the stock solution in RPMI 1640. After 7 days medium was removed and cells were cultured with fresh, serum-free supplemented RPMI 1640 without or with 1 pg/mL lipopolysaccharide (LPS) (Salmonella abortus equi, kindly provided by C. Galanos, Max-Planck-Inst., Freiburg, Germany) for 24 hours. Supernatants were harvested and stored at -2OOC. 
RESULTS
The in vitro differentiation of circulating blood MO to MAC occurs in the presence of serum and can be followed by the expression of maturation-associated antigens of the MAX series that are absent on blood MO but expressed on terminally differentiated MAC. As shown in Fig 1,  1,25 (OH),D3 can substitute for serum to promote the differentiation of MO into MAC as determined by the expression of MAX.1 and MAX.3 antigens. In the range of 1 to 100 nmol/L 1 ,25(OH),D3 MAX antigen expression was comparable with that of serum-derived MAC. There was no maturation in the absence of serum or 1,25(OH),D3. This result was also evident from morphology: in serum-free cultures cells stayed monocytoid in morphology, whereas MO treated with serum or 1,25(OH),D, became larger, more spread, and developed macrophage-typical morphology (not shown).
These phenotypic and morphologic changes taking place during the maturation from MO into MAC are accompanied by characteristic changes in the biosecretory repertoire of the cell. MO were cultured for 7 days with or without serum or 1 ,25(OH),D3 and day-7 supernatants analyzed for the follow- ing secretory products: lysozyme, fibronectin, IL-6, and TNFa.
As shown in Fig 2, 1,25 (OH),D3-induced MAC produce large amounts of IL-6 when stimulated with LPS. The secretion is about sixfold higher than serum-derived MAC. TNFa, which increases 10-fold on MO to MAC maturation, is in the same range in serum and 1,25(0H),D3-induced MAC (Fig 2) . Lysozyme and fibronectin are secreted constitutively in similar amounts by 1,25(OH),D3-and seruminduced MAC, respectively (Fig 3) . The optimal dose of 1 ,25(OH),D3 to induce functionally competent MAC in terms of cytokine release was 1 to 100 nmol/L 1,25(OH),D3, which is similar to what was observed for the expression of maturation-associated antigen.
Thus, from phenotypic and functional analysis 1 ,25(0H),D3-induced MAC resemble mature serum-derived MAC.
DISCUSSION
The in vitro maturation of blood MO into MAC is a useful model to study regulatory signals and functional consequences of this differentiation process, which seems to be central in the ontogeny of the MAC cell system.' Factors present in serum and responsible for this differentiationinducing activity have not been identified yet. There have been reports implicating M-CSF," IL-4,,, and human gamma globulins23 as possible mediators for MAC differentiation. However, none of these substances had the capacity to induce MAC differentiation in our culture system comparable with serum though M-CSF proved to be essential for MO survival in vitro.
Our are in a dose range about 10-to 100-fold higher than measured in the AB-group sera used in our experiments (mean of six different donors 1. 
